Janille Smith-Colin is a PhD student in Civil and Environmental Engineering (Transportation Systems Engineering) with a minor focus in the School of Public Policy. She is a member of the Infrastructure Research Group (IRG) directed by Dr. Adjo Amekudzi-Kennedy, a group whose vision is to develop thought leaders in engineering and policy for sustainable development. Her research focuses on the study, development, and application of methods that promote sustainable transportation systems. Her most recent work has focused on the development of evidence-based methodologies for transportation asset management, the advancement of theories around transportation systems health, and the exploration of partnering strategies for improved project delivery outcomes. Smith-Colin has provided research support to the Global Engineering Leadership Development Minor, and has served as a one-on-one coach and grand challenges facilitator for the Leadership and Education Development (LEAD) program for the past 3 years. In fall 2016, she will serve as an instructor for the leadership development sections of the GT 1000 first year seminar. Smith-Colin is a two-time recipient of the Dwight David Eisenhower Transportation The Minor is based on the Global Engineering Leadership Development (GELD) conceptual framework, adapted from the Skills Model of Leadership. The Minor curriculum includes learning and application of leadership theory, enhancement of engineering problem solving skills, development of interpersonal skills (communication, collaboration, ethics, and management), application of systems-level thinking and analysis to global grand challenges, and development of cross-cultural awareness/skills. This framework is informed by the National Academy of Engineering's Vision for the Engineer of 2020 advanced in the early 2000s, and is the basis of the development of the Global Engineering Leadership (GEL) Minor at the Georgia Institute of Technology. The elective 15-credit undergraduate program, completed simultaneously with a bachelor's degree, was developed and approved during the 2014/15 academic year and first offered beginning in the 2015/16 academic year. It is administered in the School of Civil & Environmental Engineering and serves all undergraduate students in the College of Engineering (COE). The GEL Minor requires students to complete five courses, attend a leadership seminar series, and complete an international work-based, research-based or study-based experience. The minor courses are taught by faculty in the College of Engineering including in-house communications faculty; the School of Public Policy; the Institute's Leadership Education and Development (LEAD) Program, and executive-level engineering practitioners. The pedagogy model integrates leadership instruction into the broader context of global societal grand challenges such as water availability and quality, air quality, urbanization, megaprojects, disasters, transportation, cities and sustainable development. A number of courses have embedded study abroad experiences to foster global awareness, cross-cultural sensitivities and skills, and contextual problem solving. This paper discusses the development of the Global Engineering Leadership Minor at Georgia Tech, focusing on the driving factors, the thinking underlying the program development, the curriculum, and future directions for the program.
Background and Objectives
The Global Engineering Leadership (GEL) Minor is one of three tracks of the Minor in Leadership Studies at the Georgia Institute of Technology, alongside other tracks in Business Management and Public Policy. The GEL Minor was developed during the 2014/15 academic year and first offered in the 2015/16 academic year. It is driven by the Institute and College of Engineering strategic plans, as well as the plans of various engineering schools, and informed by the National Academy of Engineering's Vision for the Engineer of 2020. The program is based on a conceptual framework for Global Engineering Leadership Development adapted from the Skills Model of Leadership and engineering leadership and global engineering education working practices. A 15-credit hour curriculum of coursework with in-course practical experiences and a capstone practicum, the program is administered in the School of Civil & Environmental Engineering and serves all undergraduate students in the College of Engineering. This paper describes the driving factors, the thinking underlying the development of the minor, curriculum requirements, and future directions including empirical data collection and testing of the conceptual framework, and program assessment.
The Global Engineering Leadership Conceptual Framework
The program defines the global engineer-leader as an engineer who can contribute and lead effectively in domestic and international contexts in solving global grand challenges and other societal problems, working effectively across cultures. The conceptual framework for Global Engineering Leadership Development (GELD) was developed in order to identify basic attributes of a global engineer-leader, and to direct the development of the Global Engineering Leadership (GEL) Minor curriculum.
The Institute and College of Engineering's strategic plans focus on engineering leadership and global stewardship, as do several of the strategic plans of the various engineering schools. Table  1 provides a list of leadership-focused objectives and strategies within the strategic plans of the Institute, College of Engineering and selected engineering schools reflecting the broad focus on the development of leaders and expansion of global influence. These strategic plan elements are well aligned with the National Academy of Engineers' Vision for the Engineer of 2020, which includes the following attributes (1):
(1) Technical proficiency (2) Broad education (3) Global citizenship (4) Ethical grounding (5) Ability to lead in business and public service.
These strategic plans and the NAE vision were foundations for the development of the GEL Minor. (1) a foundational leadership course (addressing theory with practical applications); (2) choice among elective leadership or leadership-oriented courses; (3) practical experience in solving real world problems, and, (4) a capstone experience. Table 2 shows examples of the kind of information that was considered useful in this exercise. (13) . The report findings show that the vast majority of the 40 programs reviewed were developed in the 2000s. They typically fall into one of two categories:
(1) those based around leadership/management theory, often with a strong partnership with the university's business school; and (2) those based around team projects with a global, environmental or service theme. Most non-U.S. programs identified in the review had been in operation for over 10 years and typically fell into one or more of the following categories: (1) those involving coaching of more junior students; (2) those involving industry-based 'real-world' projects, where the entire program is funded through companies sponsoring one or more team; and (3) those based around team projects with a global, environmental or service theme.
The report presents examples of international good practice in engineering leadership education with examples grouped into two categories: (1) explicit programs in which engineering leadership development is the primary and explicit objective; and (2) non-explicit programs, in which engineering leadership development is embedded within a broader program focus. The review uncovers surprisingly limited resources, expertise and formal networks in the field of engineering leadership education, and reports that this finding is in contrast with the related disciplines of engineering entrepreneurship education and global engineering education.
Graham et al. reports that the vast majority of the programs (probably 80-90%) that focus explicitly on leadership are based in the U.S., demonstrating a distinct divide between the U.S. and the rest of the world in both attitude and approach to engineering leadership education. U.S.-based experts were familiar and comfortable with the concept of targeting leadership as a specific theme in engineering education. However, there was greater discomfort among the non-U.S. interviewees regarding this approach because it was seen to run counter to an educational culture that emphasizes inclusiveness and equality. The growing literature on U.S. engineering education programs describes a wide range of program types and pedagogical approaches (7-20).
Additionally, a large number of programs identified in Graham et al. operate outside the formal engineering curriculum, in part due to a lack of resources and/or engagement in the field of engineering leadership by the core engineering faculty. In almost every case reviewed, engineering leadership programs were found to be hosted within engineering programs and, despite tensions between the business schools and the engineering schools with respect to who should be "owning" and operating the programs, it was clearly felt that such programs should continue to be hosted within engineering schools in order to provide the required academic and professional contexts for the students to apply and reflect on their developing leadership abilities. Experts in the engineering leadership programs however expressed concern about the ability of current engineering faculty to deliver effective leadership programs and the difficulties of identifying external and suitably qualified staff.
Graham et al.'s study also identifies strong themes in engineering leadership education. The global theme was found to be particularly strong within U.S. programs: the ability to work effectively across cultures in an international sphere was seen by many as an increasingly vital attribute of an engineer-leader, and is reflected in many of the programs. Another strong theme was student empowerment in their own leadership development. In a parallel effort to identify appropriate models to frame global engineering leadership attributes that would define the program, the general and engineering leadership development literature was also consulted. To this end, various leadership theories, hypotheses, principles and models were reviewed (22, 23, 24) and examined against the leadership attributes articulated by the Institute, College and Schools' strategic plans, the NAE's Vision for the Engineer of 2020, and engineering leadership programs of north American colleges and universities. The Skillsbased Model for Leadership was identified as an appropriate platform as a point of departure for a conceptual framework for global engineering leadership development. The Skills-based Model or Skills Model is a capability model focused on problem-solving --the main business of engineering --and offers opportunities to incorporate both engineering and non-engineering attributes of leadership for a more holistic concept of engineering leadership.
Katz (23) suggested that effective administration (i.e., leadership) depends on three basic personal skills, based on field research in administration and his own firsthand observations of executives in the workplace:
(1) Technical skills, (2) Human skills, and (3) Conceptual skills.
Technical skill is knowledge about and proficiency in a specific type of work or activity. It includes competencies in a specialized area, analytical ability, and the ability to use appropriate tools and techniques. Human skill is knowledge about and ability to work with people. Also known as people skills, human skills are the abilities that help a leader to work effectively with followers, peers, and superiors to accomplish the organization's goals. Conceptual skills are the ability to work with ideas and concepts (22) .
According to Katz's Three-Skills Approach, for leaders operating at lower levels of management, technical and human skills are most important. When leaders move into middle management, it becomes important that they have all three skills: technical, human and conceptual skills. At the upper management levels, it is paramount for leaders to exhibit human and conceptual skills (22) .
Beginning in the early 1990s, a group of researchers, with funding from the U.S. Army and Department of Defense, set out to test and develop a comprehensive theory of leadership based on problem-solving skills in organizations. They conducted studies over a number of years using a sample of more than 1,800 Army officers, and a variety of new measures and tools to assess the skills of these officers, their experiences and the situations in which they worked. The researchers' main goal was to explain the underlying elements of effective performance. Mumford and colleagues formulated a skill-based model of leadership based on the extensive findings from the project. The model is characterized as a capability model because it examines the relationship between a leader's knowledge and skills (i.e., capabilities) and the leader's performance. Rather than emphasizing what leaders do, the skills approach frames leadership as the capabilities (knowledge and skills) that make effective leadership possible (24).
The skill-based model of Mumford's group has five components: competencies, individual attributes, leadership outcomes, career experiences, and environmental influences. 12) define problem-solving skills as a leader's creative ability to solve new and unusual, ill-defined organizational problems; social judgment skills as the capacity to understand people and social systems -which enables leaders to work with others to solve problems and to marshal support to implement change within an organization; and knowledge as the accumulation of information and the mental structures to organize that information. In the left-hand box, general cognitive ability refers to a person's intelligence; and crystallized cognitive ability is the intellectual ability that is learned or acquired over time. In the right-hand box, effective problem solving and performance are the outcomes of leadership. These outcomes are strongly influenced by the leader's competencies (i.e., problem-solving skills, social judgment skills and knowledge). Leaders who exhibit these competencies increase their chances of solving problems and their overall performance.
The GELD conceptual framework draws heavily from the Skills concept of leadership and the leadership and associated competencies. Given the global engineering focus of the minor, there has been a clear intent from the onset of its development to incorporate both technical (problemsolving) and non-technical leadership competencies as core elements. This intent aligns well with the NAE's identification of technical problem solving as an attribute of the Engineer of 2020. The Skills Model was thus selected as an appropriate platform for the GEL Minor because its keystone is problem-solving and it offers the opportunity to incorporate explicitly technical and non-technical competencies as part of an engineering leadership development framework.
Over and above the three competencies offered by the Skills Model, two additional competencies were considered as relevant in global engineering leadership development: (1) the knowledge and application of leadership theory; and, (2) the ability to work effectively across cultures. These competencies align well with the NAE's Vision for the Engineer of 2020, which calls for engineers who think of themselves as global citizens. They also align well with the Institute, College of Engineering and Engineering Schools' Strategic Plans that call for the development of graduates who can lead in a global context (Table 1) , as well as the global focus of multiple engineering leadership education programs in U.S. institutions.
The GEL development framework (Figure 2 ) thus includes the following five key competencies:
(1) Leadership skills (2) Engineering problem-solving skills (3) Interpersonal skills (4) Conceptual skills (5) Cross-Cultural Awareness/Skills
Figure 2: The Global Engineering Leadership Development Conceptual Framework
Rottmann et al.'s research highlights implications of defining engineering leadership development programs within and outside of technical engineering content (25) . Based on research conducted by researchers at the Institute for Leadership Education in Engineering (ILEAD) at University of Toronto, this paper presents a grounded theory study that makes a case for grounding leadership theory in engineers' professional identities, that is, professionally recognized forms of engineering influence. To this end, the study identifies the following characteristics of engineering leadership:
(1) Technical mastery (related to technical skills) (2) Collaborative optimization (related to interpersonal skills) (3) Organizational innovation (related to conceptual skills)
The study, grounded in the experiences and perspectives of engineers and human resource professionals, highlights the centrality of engineers' professional identities and their conceptions of leadership to their acceptance or rejection of a leadership identity. It finds that without merging engineering identity with professionally-relevant forms of influence, engineers are likely to resist leadership for themselves and for their colleagues. So long as these two key elements are merged, engineers are willing and able to accept leadership as a legitimate part of their work. The study suggests the importance of explicitly recognizing and cultivating technical competence as an integral component of engineering leadership competencies, given the fundamentally technical nature of engineering. This framework aligns well with the thinking that undergirds the GEL development framework. The GELD framework was the basis for the development of the GEL Minor curriculum, presented in the next section.
The Global Engineering Leadership Minor
Program & Curriculum Description: The Global Engineering Leadership Minor is a 15-credit undergraduate program completed simultaneously with a bachelor's degree. The minor program requires students to complete five courses, attend a leadership seminar series, and complete a global practicum, that is, an international work, study or research-based experience. Up to six credit hours of courses taken in the minor may also be used to fulfill technical or free electives in the student's major program of study. Table 3 The third category of courses, the Global Engineering Grand Challenge courses, are elective courses focused on selected global societal grand challenges and their engineering leadership opportunities. These courses have leadership development activity embedded in them to enable the development of leadership awareness and skills in the context of engineering problemsolving. Students are required to select three of the grand challenge courses as part of their program. These courses are led by engineering faculty with input from faculty in the Office of Leadership Education and Development to create contextually-relevant embedded leadership development activities within the course.
The global practicum involves a work-based, study-based or research-based engineering experience in a foreign culture to enable the student to apply and further cultivate leadership and cross-cultural awareness and skills. Finally, the students are also required to attend a leadership seminar series with speakers identified as engineering leaders in a global context. Up to six credit hours of courses taken in the minor may also be used to fulfill technical or free electives in the student's major program of study. Table 3 summarizes the course requirements for the Minor, including a summary of the course content and the leadership competency areas it addresses. Contextually-appropriate leadership development activities, embedded in each of the global societal grand challenge courses, are intended to teach leadership knowledge or cultivate leadership skills within the students in the context of the engineering material they are studying. Table 4 shows examples of such leadership development activity developed in a workshop for the primary instructors of the grand challenge courses with faculty from the Office of Leadership Education and Development. Program Assessment: Initial work on program assessment began in the spring 2015 with the objective of developing a framework and tool that enables faculty to assess student competencies in technical problem solving, leadership skills, interpersonal skills, conceptual skills and cross cultural awareness/skills across the courses that constitute the Minor program. This work has focused on defining program operational objectives and goals, and student learning outcomes for the program. The assessment framework will identify the courses and learning activities that support each program objective as well as measures for tracking progress toward achieving student learning outcomes. The assessment framework is expected to illustrate how course assessment measures collectively address the global engineering leadership competencies.
Conceptual Framework Validation:
Data collection for validating and refining the GELD conceptual framework will occur as students graduate and begin their careers. This work will involve the development of empirical studies to collect data that tests the leadership effectiveness of GEL Minor graduates in their careers relative to graduates who were not enrolled in the GEL Minor or other formal leadership development program.
Future Directions
There are multiple ongoing and planned program development initiatives for the Global Engineering Leadership Minor, in both the short-and long-term. Four such initiatives are discussed here. First, work has begun to expand the global grand challenge course offerings within the minor to include courses with lead instructors from additional engineering schools. These course instructors will work with the Office of Leadership Education and Development to develop and include specific leadership development content and activities within their courses.
As appropriate, some of these courses may include an international travel component. Second, work has begun on thinking through the empirical data collection and studies that will be used to test and refine the GELD framework as students graduate and begin their careers. Additionally, developed as part of the 10-year Southern Association of Colleges and Schools (SACS) reaffirmation of accreditation process, the Institute's Quality Enhancement Plan (QEP) transforms undergraduate educational experiences and enhances student learning in a tangible way. The 2016-2025 QEP's theme: "creating sustainable communities" integrates sustainability concepts and community involvement into academic programs and provides opportunities for undergraduate students to learn and serve through engagement with content and context. The objectives of the Serve*Learn*Sustain QEP initiative and the Global Engineering Leadership Minor dovetail. Future efforts will aim to increase the community engagement elements of the minor courses. Finally, the GELD Team will continue to refine the program as formal and informal feedback is obtained from the Leadership Minor students, faculty and other stakeholders.
Concluding Remarks
The Global Engineering Leadership Minor aims to develop global engineer-leaders, engineers who can contribute and lead effectively in domestic and international contexts in solving global grand challenges and other societal problems, working effectively across cultures. It is driven by the Institute's vision to develop engineers who are leaders locally, nationally and internationally, and responds to the National Academy of Engineers' Vision for the Engineer of 2020. This vision calls for engineers who are technically proficient and broadly educated, who think of themselves as global citizens, who are ethically grounded, and who can lead in business and public service. The minor cultivates leadership, engineering problem-solving, interpersonal, conceptual and cross-cultural skills in engineering undergraduate students at Georgia Tech. To earn the minor, students complete 15 credits of course work, a leadership seminar and a global practicum. Up to six credits of course work for the minor may be counted toward the student's major requirements. Students are required to take two foundations courses: one in leadership theory and practice, and the other in global engineering leadership and management. Next, the Minor students select 9 credits of course work from engineering grand challenge courses that address global grand challenges, identify leadership opportunities for addressing these challenges, and cultivate associated global awareness and leadership skills. For their capstone experience, students are required to engage in semester-long work, study or research in an international setting where they can apply the leadership, problem solving, interpersonal, conceptual and cross-cultural skills they have learned and developed. The Minor students are also required to attend the Hyatt Leadership Series, which brings a global engineer-leader to deliver an inspirational lecture to the Georgia Tech community every fall and spring. Future work includes development and application of a program assessment framework, and data collection to empirically test and refine the conceptual framework for Global Engineering Leadership Development.
